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The development of hand-held, microcomputer based, weld geometry 
inspection tools has provided improvements in precision, repeatability 
and utility of inspection data in the construction of the Space Trans-
partation Systems External Tank . 
This class of inspection tool has demonstrated an increase in the 
efficiency of collecting weld data while reducing the subjective aspects 
found in older manual techniques. Certain added benefits arealso 
derived from the successful implementation of computer based tools. 
These additional capabilities include an effective means f or processing 
the computer acquired data in support of statistical process method$. 
This rapid acquis ition and analysis of inspection data thus provides a 
means to facilitate engineering decisions during the fabrication and 
repair of !arge aerospace structures. 
The development and application of this technology has yielded an 
evolution in prototype tools. The development and trans fer of this 
t echnology from the laboratory t o the inspection environment is the 
focus of this paper. 
QUANTIFIED WELD GEOMETRY INSPECTION 
Welding operations are critical processes in the construction of 
the Space Transporration System External Tank. Butt weld configurations 
comprise the major portion of the External Tanks' weld geometries . 
Figure 1 depicts the magnitude of the ET weld inspection requirements. 
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Fig. 1. Major butt welds of the STS External Tank. 
Stress risers present in a weld joint are often attributable to non-
conforming weld geometries. The detection of unacceptable geometry in 
a butt weld type joint can often be effected by the physical measurement 
of the angle formed by the weld lands (Peak angle) and the upset or 
misalignment of the weld land planes (Mismatch). These two conditions 
are illustrated in figure 2. 
Classical Methods for determining Weld Joint Conformance 
Historically various shdp aids have been employed for determining 
weld joint conformance. Depending on the required integrity, geometric 
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Fig. 2 . Peak and mismatch parameters of a butt weld . 
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inspection criteria can range from pass/fail criterion to collecting and 
evaluating quantitative data. For example, less critical welds may be 
evaluated with simple templates and are qualified on a go/no-go basis, 
whereas more critical applications may require dimensional measurements 
to be recorded and evaluated with regard to specification tolerances. 
In the early development of the external tank butt weld geometries were 
evaluated by the "contour-comb" method (also known as a "tilesetter-comb"). 
Quantifying Butt Weld Geometry by the Manual Comb Method 
The following overview is depicted in figure 3. 
1) The "wire-profile-transfer-aid" (contour-comb) is; 
2) Centered on and aligned perpendicular to the weld centerline. 
3) This weld profile impression is then transferred to paper. 
4) The centerline and weld lands are established and constructed. 
5) The Peak Angle is visually determined with a protractor. 
6) The Mismat ch is then "read" with an. optical comparator. 
Computer Synthesis of a Manual Inspection Process 
While manual techniques can provide required traceability document-
ation, collection of data by this method is labor intensive and prone 
to subj ective errors. For these r e asons a means was first sought in 
1979 to find a method to improve the time-and motion aspect as well as 
the precision of this important inspection process. Feasibility con-
cepts yielded a tool design that was first tested in the production en-
vironment in 1982. This baseline design relied on a specialized hand-
held sensor for effecting the physical measurement of the weld geometry 
Fig. 3 . Manual quantification of a butt weld profile. 
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and a microprocessor for conversion of the sensor data into appropriate 
inspection information (Reference 1). In practice the time required for 
an individual "peak-angle-and-mismatch" reading was reduced from approx-
imately one minute to less than ten seconds. This firs.t generation tool 
demonstrated the utility of an automated tool for weld geometry inspection. 
However, as field experience accumulated operational difficulties were 
identified which limited the use of this initial design. In this type of 
development important functional parameters include environmental rugged-
ness, form-fit-and-function, software fea~ures and procedural consider-
ations for proper use. 
An approach to this type of development is outlined in figure 4. 
Field Experience and Advanced Development 
The transfer of technology from the laboratory to the production en-
vironment must consider the performance of the selected technique and 
methodolögy under actual conditions for true "reduction to practice". 
Whereas laboratory qualification and acceptance validation are industrial 
prerequisites for new techniques, the value of "post development" experi-
ence should not be overlooked. It is this empirical experience from 
APPROACH 
o DEFINE NEEDED IMPROVEMENTS 
0 ASSESS AVAILABLE TECHNOLOGV 
o DEVELOP HARDWARE AHD SOFTWARE "BREADBOAROS" 
0 EVALUATE COMPONENTS FOR "FORM-FIT-ANO-FUNCTION" 
0 QUALIFY THE LABORAlDRY SYSTEM 
0 SPECIFICATIOH FOR PRODUCTIOHPROTOTYPE 
0 TRANSFER TECHHOLOCY FOR VALIDATION AND IMPLEMENTATIOH 
Fig. 4. Application engineering approach. 
operators and inspectors that provides the source for additional develop-
ment requirements. 
A secend iteration of a weld geometry inspection tool was undertaken 
in 1986. Advances in technology and field experience allowed new de-
velopment goals to be defined. A preliminary design was defined and 
developed in 1986 and transferred for validation in 1987. The major 
development objectives for a generation II tool are shown in figure five. 
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<GENERATION II) 
OBJECTIVE 
o PROVlDE lNCREASED ET lNSPECTION 
o IMPROVEO DESIGN FOR PROOUCTION ENVIRONMENT 
0 INCREASED CAPABILITV FOR USE OF P ~ND M DATA 
Fig. 5 . Generation II development objectives . 
An Advanced Weld Inspection Tool 
A production prototype was defined, built, tested and qualified so 
that a transfer of technology from the laboratory to the production en-
vironment could be accomplished. The preliminary generation II design 
was based on available technology in order to permit a rapid development 
phase. This strategy provided an improved inspection tool in a minimum 
time frame. 
Laboratory Performance (Qualification) 
The graph in figure seven depicts the capability of the advanced 
tool (Generation II) in terms of peak angle accuracy. The data were 
collected on calibrated Standards (x axis) with the tool performance 
SUMMARY 
0 IHCREASED ET COVERACE 
o TOOL VOLUME AND WEICHT REDUCED 
O RUGGED DESIGN AND BATTERV OPERATION 
o INSPECTION STATUS FEEDBACK 
o PLAIN PAPER HARDCOPY 
o FLEXIBLE SOFTWARE 
0 DATA PORTABILITY 
Fig. 6. Operational enhancements of the advanced tool . 
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plotted on the vertical axis (y axis). The mismatch results are contained 
in figure eight. 
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Fig. 7. Peak angle accuracy. 
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Fig . 8 . Mismatch accuracy. 
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Fig. 9. Accuracy among severa1 operators (Human Factor Study). 
The performance data inc1uding the human factors associated with 
operator variance are presented in figure nine. 
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